The importance of broodstock diets and their effects on the reproductive performance of a variety of fish species have already been documented. 1 In a preliminary study on broodstock yellowtail Seriola quinqueradiata, Watanabe et al. obtained good fecundity and egg quality 2 after feeding the fish extruded dry pellets (SDP). 3 The supplementation of pure astaxanthin (30 p.p.m.) in SDP 4 as well as paprika xanthophylls (~30 p.p.m.) 5 improved the spawning performance of this species. Squid meal has also improved spawning performance in various marine fish such as red sea bream, 6, 7 gilthead sea bream, 8 and striped jack.
9,10
The superior quality of squid meal has been attributed to its higher cholesterol and phospholipid contents, 7, 11 better amino acid profile, and apparent digestibility coefficients of its protein. 8 The three diets used in the present study were formulated as SDP (Table 1 ). The control fishmeal diet (a-SDP) was supplemented with 30 p.p.m. astaxanthin. The other diets, p-SDP and ps-SDP were both supplemented with 2% paprika powder containing 1.74 g/kg xanthophylls, but differed in their protein sources. The p-SDP contained mainly fishmeal, whereas the ps-SDP had half the fishmeal replaced by squid meal. All diets contained fish oil as the main lipid source. As expected, the a-SDP had a higher astaxanthin content, whereas the p-SDP and ps-SDP had higher yellow and red xanthophyll contents, which originated from the paprika powder.
The experiment was carried out at the Komame Station of the Japan Sea Farming Association. Approximately 100 fish captured by set-net fishery 4 months prior to the start of the experiment were kept in floating net cages and weaned on SDP. At the start of the experiment, the fish (weighing about 6.4 kg) were divided into three groups of 30 each and fed their respective diets to near satiation, once a day, three times a week in 5 m ¥ 10 m ¥ 5 m net cages. For the spawning manipulation, five females and five males were selected from each diet group according to their maturity. Final maturation was induced by injecting the fish with human chorionic gonadotropin (HCG; 600 IU/kgfish), and the fish were then transferred to 100 m 3 indoor concrete tanks for spontaneous spawning. Broodstock husbandry, fish selection, and spawning inducement techniques have been described earlier. 12 Results obtained from the first day of spawning 2 are shown in Table 2 . Average bodyweights of selected fish at spawning showed no significant differences (Scheffé's test, P > 0.05). Despite the higher production of total and buoyant eggs by the a-SDP group, the paprika groups had a higher number of fertilized eggs. Buoyancy rates were markedly lower for the a-SDP group and fertilization rates followed the order ps-SDP > p-SDP > a-SDP. The difference in fertilization rates between the ps-SDP and p-SDP groups was not significant (Scheffé's test, P > 0.05). Compared to the a-SDP group, both p-SDP and ps-SDP produced eggs with significantly higher (Scheffé's test, P > 0.05) hatching rates and, again, the ps-SDP values were slightly higher. Thus, egg quality data confirmed our previous observations that fish fed paprikasupplemented SDP produces superior eggs. 5 The
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Eggs sampled from all groups contained zeaxanthin and lutein as the principal carotenoids, as reported for yellowtail fed SDP supplemented with astaxanthin or paprika. 5 The efficacy of paprika in SDP for yellowtail is probably due to the availability of the pigment esters, which have good free radical scavenging abilities, 14 but other factors originating from paprika could also have been beneficial to the broodstock. The present study confirmed our previous improvements with paprika in SDP for yellowtail, but inclusion of squid meal in SDP did not have the distinct improvement on spawning that has already been observed for other marine species. [6] [7] [8] [9] [10] Although squid meal inclusion did not markedly alter the fatty acid or lipid component proportions in ps-SDP, the higher HUFA, crude protein, and/or crude lipid contents may account for the slightly superior results. 16 but the dietary protein and lipid levels for yellowtail broodstock still need to be determined. It is known that vitelline envelope proteins play a very important role during fertilization 17 and that lipids are the major sources of metabolic energy throughout embryonic development in fish; 18 hence, studies on the protein and lipid levels required for broodstock yellowtail should be performed. As effective sources and optimum levels of carotenoid supplementation have been established for yellowtail broodstock, we stipulate that further work should focus on other ingredients for an improved nutrient balance. 
